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Background
Hospital readmissions are used as quality indicator in adults 1, 2 , and are thought to reflect the quality of inpatient care and hospital care transitions [3] [4] [5] . The role of readmissions as a measure of quality of care in children is less certain, as few studies evaluating readmissions have included children and even fewer have included children with congenital heart disease (CHD) [6] [7] [8] [9] . A 2008 population-based study from the province of Quebec, Canada identified a readmission rate of 1 in 7 CHD hospitalizations with infant age and severe CHD as risk factors for readmission 10 .
The resource utilization from adult readmissions is well known. . The financial impact of readmissions has been described in the pediatric population with medical complexity but not specifically in the pediatric cardiac population which has known higher resource utilization compared with the general pediatric population 6, [11] [12] [13] [14] [15] .
This purpose of this study was: 1) To identify the rate of hospital readmissions within 30 days of pediatric cardiac surgical discharge and identify risk factors for increased readmission; 2) To determine the resource utilization associated with readmissions and identify risk factors for increased readmission utilization.
Methods
Data Source
This multicenter, retrospective cohort study used data from the Pediatric Health Information System (PHIS; Children's Hospital Association, Overland Park, KS procedural codes specific for cardiac procedural service line codes (35.xx-39.xx procedural codes).
Exclusion criteria included: 1) age greater than 18 years at the time of admission for cardiac procedure, and 2) procedure codes indicating an isolated closure of a patent ductus arteriosus.
Outcomes Definition
The primary outcomes were all-cause 30-day hospital readmissions and total abstract based charges associated with the readmission. The index hospitalization was defined as the hospital encounter in which the patient underwent pediatric cardiac surgery. The number of additional hospital encounters at the same PHIS participating hospital over the next 30 days was determined. Total charges were abstracted and calculated for both the index hospitalization and cumulative readmission hospitalizations. Total charges were defined as the total patient charges recorded in the medical record abstract system. These charges were then adjusted by the Centers for Medicare and Medicaid wage/price index for the hospital's geographic location.
Risk Factor Variables
Candidate risk factors were selected a priori from patient specific and index hospitalization variables.
The risk factor variables included demographic factors (age at index hospitalization admission, gender, race, ethnicity and birth weight), primary source of payment (governmental, private, other), index hospitalization factors [length of stay (LOS), intensive care unit (ICU) LOS, and surgical risk severity determined by Risk Adjustment for Congenital Heart Surgery (RACHS-1)]
17
. Ethnicity, birth weight and primary payment type were excluded from any statistical modeling due to the large amount of unknown/missing data. Additionally the presence of complex chronic conditions, which is a PHIS variable designed to capture medical conditions which are expected to last at least 12 months and require specialty pediatric care, were included for analysis 18 . Finally, because of the previously noted association with readmission, we included discharge day of the week and discharge month 10 .
Statistical Analysis
To summarize the characteristics of the cohort at the index hospitalization, patients were classified regarding demographic and index hospitalizations factors based on clinical meaningfulness. Frequency and percentages were calculated for each classification category. These categories were used in the statistical analyses to examine the relationship between readmissions and demographic characteristics, index hospitalization factors and presence of complex chronic conditions. Similarly, they were also used in the analyses of readmission charges.
The number of readmissions for each patient was classified as 0, 1, >1. Ordinal logistic regression analysis was performed to identify the demographic, index hospitalization factors, and presence of complex chronic conditions related to the number of hospital readmissions. For patients who were readmitted, multiple linear regression analysis was performed to evaluate the relationship of demographic, index hospitalization factors, and presence of complex chronic conditions with log transformed readmission hospitalization charges. SAS® version 9.3 (SAS Institute, Inc, Cary, NC) was used for data summaries and statistical analysis. Two-sided 95% confidence intervals for odds ratios were inspected for exclusion of 1 to identify relationships for readmissions. P-values < 0.05 were considered statistically significant for identifying relationships for readmission charges.
Results
Characteristics of the Cohort at Index Hospitalization
A total of 53,105 surgical discharges were identified from 41 hospitals during the study period. Baseline characteristics of the cohort at index hospitalization are outlined in Table 1 .
Characteristics of the Hospital Readmission
Of those hospital discharges, 10,667 (20.1%) unique patients had at least one all-cause hospital readmission within 30 days. Figure 1 is a survival curve depicting freedom from readmission following index hospitalization discharge. The median time from discharge to the first readmission was 8 days (IQR 4, 15). When including multiple readmissions per index hospitalization, there were a total of 12,956
readmissions. Of those index hospitalizations followed by a readmission, 83.9% had only one readmission within 30 days, 13.8% had two readmissions, 2% had three readmissions and 0.3% had greater than three readmissions within 30 days of index hospitalization discharge. Table 2 shows readmission rates based on patients' demographic and index hospitalization characteristics. Independent risk factors for increased readmission included older age at index hospitalization, multi-racial race, longer total length of stay, longer ICU length of stay, higher surgical risk severity (determined by RACHS-1) and the presence of select complex chronic conditions.
Risk factors for readmission
Friday/Saturday hospital discharge and discharge during the traditional respiratory viral season (October to March) were not associated with increased readmission.
Readmission Resource Utilization
Index surgical hospitalization median length of stay was 7 days (IQR 4, 16) and the median length of stay Table 2 demonstrates the relative relationships in total readmission abstract based hospital charges.
Risk factors for Increased Readmission Charges
Independent risk factors for increased charges at readmission include older age at index hospitalization, American Indian race, multi-racial and other race, longer total length of stay at index hospitalization, higher surgical risk severity (determined by RACHS-1 score) and the presence of select complex chronic conditions.
Discussion
In this large, multicenter analysis, 20.1% of children undergoing cardiac surgery in the United States were readmitted within 30 days. Cumulatively, these readmissions have significant economic impact with almost $500 million of charges over the 5.5 year study period. Furthermore, this study identifies the presence of both patient-specific factors and index surgical hospitalization factors associated with readmission.
The all-cause readmission rate in this study is comparable to those rates for adult myocardial infarction and heart failure 19 currently receiving significant governmental attention through the Affordable Care Act. Notably, this readmission rate is higher than prior reports from the Canadian health system, a single large US center and a separate PHIS analysis in a more selective cardiac population 8, 10, 20 . Such differences may be attributable to different health care systems, and practice Not surprisingly, significant readmission rates are associated with significant cost to the health care system. The substantial economic impact of pediatric cardiac surgical hospitalizations has been well described 11, 13, 14 . Our findings highlight that utilization is not only limited to the index surgical hospitalization but continues following surgical discharge with substantial readmission charges. As such, readmission after pediatric cardiac surgery resemble the "episode of care" paradigm which bundle payments for all care provided within 30 days of index hospitalization 24 . Therefore, it is important for the pediatric cardiac care community to begin investigating risk factors and outcomes of readmission within this population. For example, this study identifies independent risk factors for increased readmissions including high surgical severity (RACHS 5/6) and high utilization during the index hospitalization. Knowledge of these specific risk factors will enable targeted care transition interventions similar to those currently ongoing in the National Pediatric Cardiology Quality Improvement Collaborative 25 .
While this study was not designed to identify unscheduled readmissions, the clustering of readmissions within the first week of discharge and the short hospitalization duration indicate these readmissions are not long, complex hospitalizations. These readmissions may represent an admission where simple care management alteration was undertaken and the patient was discharged home again.
These findings suggest there is an opportunity for improvement in our care delivery both before and immediately following hospital discharge 4, 5 .
Limitations
There are several limitations to note with this study. First, when using administrative data there are accuracy limitations in both procedural and diagnosis coding [26] [27] [28] . For this reason we chose to stratify analysis primarily by RACHS-1 score which improves accuracy compared to the use of individual ICD-9 procedural codes
29
. Second, we chose look at all-cause readmission to completely define the extent of readmissions in this population. We recognize that not all readmissions are preventable or should be prevented and the acceptable readmission rate remains uncertain. Third, charge data reflects the amount the hospital billed for services rather than actual cost. Charge data is an overestimation of actual healthcare costs. Finally, this analysis does not account for readmissions to a non-PHIS hospital.
However, this number is likely low given the highly specialized care of pediatric cardiac surgery.
Furthermore, this factor could only increase the already high rate of 20%.
Conclusions
This study demonstrates that readmissions are frequent, have independent risk factors and are associated with significant cumulative utilization. There are opportunities to use readmissions as a quality metric in pediatric cardiology. However further studies are needed to define scheduled readmissions and potential preventable readmissions in the larger pediatric cardiac population. This objective definition is critical to ensure appropriate benchmarking and evaluation of the effectiveness of readmission reduction interventions.
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